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by Jo Ann McDonald, US Correspondent 
Thanks to the dedicated efforts of an international community of researchers, and especially to 
the achievements of the entrepreneurial head of R&D at Nichia Chemical Industries, Dr. Shuji 
Nakamura, the compound semiconductor industry has broken through the elusive "blue laser'" 
barrier. And the achievement has been with III.V nitride epitaxy. 
I 
f all continues to go well, Ni- 
chia's new InGaN laser diode 
(LD) should lead to the first laser 
that can live up to the wide bandgap 
promise of a four-fold increase in CD- 
ROM capacity. Shuji Nakamura, cata- 
lyst for the endeavor, predicts that 
goal might be realized within two 
years. In addition to higher density 
memory systems, RGB full colour 
applications and all solid state light 
sources are primary target applica- 
tions for a newly viable technology. 
Tradition of 
Entrepreneurship 
at Nichia 
The success of Shuji Nakamura and 
his research team is obviously agreat 
achievement for Nichi& An entrepre- 
neurial company of just under 700 
employees and $200 million in sales,- 
Nichia Chemical Industries, Ltd., is a 
we l l - regarded Japanese original  
equipment manufacturer that has 
built its reputation on phosphors 
and other chemicals, primarily for 
television systems integrators. 
With "Ever Researching for a 
Brighter World" as their motto, the 
company has an impressive history of 
developing winning new technolo- 
gies. Nichia was founded in 1956 
when Mr. Nobuo Ogawa, then a 
pharmacist, started Nichia Chemical 
in an effort to advance the develop- 
ment and manufacture ofhigh quality 
anhydrous calcium chloride, which is 
a material used for the production of 
5huji Nakamura in the lab at Nichia. 
streptomycin. Ever since, Nichia has 
specialized in the manufacture and 
sale of fine chemicals, particularly 
inorganic luminescent materials. No- 
buo Ogawa still serves as Chairman of 
the company, and Eiji Ogawa serves 
as President. Shuji Nakamura has 
been with the company since he 
completed his initial university de- 
grees. 
Nichia believes volume sales for 
both the InGaN LEDs and LDs look 
very promising. Many light sources, 
such as incandescent bulbs and fluor- 
escent lamps, are likely to be re- 
placed by the LEDs because of  their 
longer lifetime, higher efficiency, and 
higher reliability, pr ndy, the main 
markets for Nichia's LEDs are full 
colour displays, LED traffic lights, 
light sources for colour scanners 
and printers, and as read/write light 
sources for color fax and copy 
machines. LDs are expected to be 
used as read/write light sources for 
CDs and DVDs. 
Triumphfor Wide 
hndgm Community 
Credit is due an entire R&D sector, 
collectively referred to as the "wide 
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bandgap community," but the Nichia 
breakthrough is being heralded as an 
important milestone for Ill,V nltride 
researchers and developers in 
particular. 
What's so special about the RI-V 
nltrides? According to Bob Davis of 
North Carolina State University, espe- 
cially well-regarded wide bandgap 
worker,. "within the m-v nit,des, 
wurtzite structure GaN is the most 
studied, has a bandgap of 3.4 eV and 
forms continuous solid solutions with 
both AIN (6.2 eV) and InN (1.9 eV). 
m-v nltrides produce thin films with 
Multicolour LED traffic signals. 
5ingle QWemission ranges from blue to yellow but show a degraded output at longer 
wavelength. 
engineered bandgaps that are envi- 
sioned for optoelectronic devices 
tunable in wavelength from the 
visible to the deep UV. The strong 
atomic bonding of these materials 
also points to their potential use in 
high power and high temperature 
microelectronlc devices." 
Closely knit, uniquely international, 
and obviously determined to suc- 
ceed, the III-V nltride research com- 
munity pulled ahead of the other 
compounds via the combined efforts 
of a number of creative people. The 
list of key contributors over the 20 
year history of GaN development is 
impressive, headlined by professors 
Jacques Pankove at the University of 
Colorado and Isamu Akasaki at Meijo 
University in Japan. 
The two catalysts co-chaired a 
landmark '~ropical Workshop on RI- 
V Nitrides" (TWN-'95) held in Na- 
goya, Japan, in late September, im- 
mediately following the ICSCRM in 
Kyoto -- (for further details please 
see Simon Lande report, this issue. As 
it did in Kyoto, and as it has every- 
where he appears, Shuji Nakamura's 
presentation i  Nagoya fueled tre- 
mendous excitement among the in- 
ternational cadre of researchers. 
IIl-V Nitride 
Development 
.Milestones 
Jacques Pankove is credited with 
discovering the initial impurities, 
which form high efficiency blue 
luminescence centers in nitrides, 
back in 1971. A number of other 
American researchers have been 
working diligently in the field ever 
Lattice Constant of GaN and Various 
Substrate Materials 
Crystal A-axis (in angstroms) 
Mismatch (%) 
GaN 3.180 +/-  0.00 
Sapphire 2.747 -13.62 
SiC 3.0817 -3.09 
ZnO 3.2496 +2.19 
LAO 3.134 - 1.45 
LGO 3.186 + 0.19 
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since. Since the mid-1980s, a number 
of Japanese researchers, most notably 
Hiroshi Amano and Isamu Akasald, 
contributed milestones by producing 
the  breakthroughs of thin film 
growth and realization of p-type 
nitrides, high quality nitride alloys, 
and their heterostructures. Then, in 
the mid-1990s, Shuji Nakamura came 
on the scene with high brightness 
UV/blue, blue, and blue green LEDs 
with efficiencies in excess of 1%. And 
now, he is the first to achieve the 
laser everyone's been searching, or 
waiting, for. 
The experimental l ser diode (LD) 
is clearly the most impressive work 
to date out of the collective body of 
research, including a considerable 
knowledge base brought to bear from 
researchers in the USA, Sweden, and 
the newly-independent Eastern Eur- 
opean states, especially in Russia 
and Poland. 
The competition for the blue laser 
prize first began in the zinc selenlde 
(ZnSe) II-VI camp, then expanded to 
silicon carbide (SIC) when Cree 
Research took the initial lead with 
their popular blue LEDs. When Shuji 
Nakamura came on the scene with 
his extremely bright blue, green, and 
yellow LEDs, based on epitaxial layers 
of GaN, that III-V nitride compound 
suddenly pulled way ahead. GaN 
researchers are working diligently 
to produce a usable single crystal 
substrate. Leading that work is Piotr 
Perlin of the High Pressure Research 
Center at the Polish Academy of 
Sciences. In the meantime, clever 
applications of advanced epitaxy are 
producing usable materials. 
III-V nitrides are currently being 
grown by epitaxy on a number of 
different substrates, primarily SiC or 
sapphire, but other sulx~'trates of a 
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closer lattice match to GaN are likely 
to become competitive in the future. 
For example, Fujitsu Laboratories in 
Atsugi, Japan, is working on magne- 
sium aluminum oxide (MgAI204), as a 
way to fabricate the cavity mirror, 
one of the most difficult problems for 
the C_¢aN LD. 
Most noteworthy among the new 
contenders are two wurtzite struc- 
ture single crystals, LiAIO2 (LAO) and 
LiGaO2 (LGO), which are under 
development by Bruce Chai at the 
University of Central Florida in Or- 
lando. LAO and LGO have the closest 
lattice match to GaN than any other 
contender and, although they cannot 
take the heat of MOCVD, those who 
have worked with Bruce's materials 
are most impressed. As a result of the 
interest, Chai has spun off his own 
company, Crystal Photonics, Inc., in 
Oviedo, Florida, to commercially de- 
velop the substrates. 
The safest, most cost-effective sub- 
strate currently available is sapphire, 
the one Shuji Nakamura used. He has 
based his LD on the exceptional 
InGaN quantum well LED research 
he began at Nichia, under his own 
initiative (see profile in accompany- 
ing sidebar). Whereas many such 
efforts are cooperative, between 
leading universities and large cor- 
porations or entrepreneurial startups, 
Shuji's work has been an all-Nichia 
undertaking. His exceptionally bright 
single quantum well (SQW) InGaN 
LEDs have already led to a large 
installed product base, especially in 
Japan, where low power, full colour 
Scenes from the 
famous"Shuji Light 
Show"as 
demonstrated 
around the wodd. 
outdoor displays and blue (vs. the 
Western green) traffic and railway 
lights are in great demand. 
Wide bandgap followers have been 
captivated by what has been termed 
"Shuji's Wonderful Light Show" (see 
photos this page) at various confer- 
ences over the past two years. His 
progressively brighter blue, green, 
yellow, violet, and white LEDs have 
stunned international udiences with 
their brilliance. He drew 400 people 
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to his session at MRS in Boston, (see 
Alan Mills report this issue) and the 
first personal presentation of his LD 
work became another crowd-gath- 
erer on the opening day of SPIE in 
San Jose, California, 29-31 January. 
Shuji Nakamura's progress, and the 
synergy that was so obvious at the 
Nagoya conference, seemed to en- 
ergize the community.  Everyone 
went to Japan to learn. Each univer- 
sity or corporate lab contribution 
seems to fall into its place, like a 
predesigned puzzle. There wiU likely 
be no single winner. Indeed, there 
will be competition for future market 
share, but the. base technology is a 
shared triumph. 
How have the III-V n i t r ides  
reached critical mass so quickly, 
versus predecessors, uch as CmAs? I 
feel there are three possible answers. 
One, the field has garnered the 
right attendance at highly focused 
meetings. 
Secondly, the increased efficiency 
of real time communication between 
colleagues has fortified the tradi- 
tional "peer  review" process by 
speeding up the flow of relevant 
information. 
Thirdly, GaN represents the first 
compound to finally achieve truly 
open status. GaAs and SiC, for exam- 
ple, were stifled over the years in 
mil/aero sensitivity. III-V nitrides are 
clearly commercial with the lucra- 
tive, t ime-honored lure of good 
science coupled with sure-fire profit. 
When Will We See 
a Commercial  Blue 
Laser? 
Jacques Pankove thinks it's 2 years 
away. Shuji Nakamura and Cree Re- 
search's Calvin Carter agree. But as 
Duncan Brown of ATMI points out, 
"one has to keep in mind that the LD 
is just one component of the actual 
end product. There are many factors 
at work, not all of which are under 
the control of the materials and LD 
device people." 
However, because of the uniquely 
entrepreneurial nature of these com- 
panies, and the potential of huge 
volume commerc ia l  applications, 
AND because of the relative open- 
ness of the GaN players, things could 
move quite quickly. 
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